Aim: The purpose of this study was to compare static and dynamic warm-up regimes on lower limb muscle power and thereby the performance of the individual. Methodology: Twenty eight (28) subjects were assigned into groups consisting of 2 members. From each group, 1 subject performed the static stretching and the other subject performed dynamic stretching as warm-up. This was followed by non-counter movement jumps on a force platform and the vertical jump heights were recorded. Data were analysed using one-way ANOVA and paired t-test at 0.05 alpha. Result: The results showed that dynamic stretching as warm-up causes significant increase (p=0.01) in the vertical jump height as compared to static stretching (p=0.03). Discussion: The increase in vertical jump height could be related to the increase in force production which plays an important role during the vertical jump test. On the other hand the decrease in vertical jump height following static stretching could be attributed to a decrease in the force production in the muscles. Conclusion: Dynamic warm-up increases the vertical lump height, whereas static stretching decreases the jump height of the athlete.
INTRODUCTION
The primary aim of exercise physiologists, personal trainers, bio-mechanical engineers and sports scientists is to monitor and increase the performance levels of the athletes under their training. When it comes to training and prescribing exercises, there is always a debate between the types of stretching that are being used as warm up before activity. This could also be used to check the performance of the athlete owing to the particular type of stretching.
Static stretching involves holding the muscle in the stretched position for some time. This type of stretching has been used as a traditional method of warm up as well as performance enhancement for quite some time now. But research performed by Rosenbaum and Hennig (1995) [1] , shows that static stretching decreases peak force by 5% and rate of force production by 8%, there by actually decreasing muscle strength. Static stretching of calf, hamstrings and quadriceps reduces the peak vertical velocity of a vertical jump according to studies done by Knudson et al., 2000 [2] . Studies done by Kokkonen et al., 1998 [3] , have documented a rather harmful effect of acute static stretching, that it actually decreases the performance of those tasks where success is related to maximal force development. Further studies by McNeal and Sands, 2003 [4] , with younger populations have also illustrated impairment in jumping performance in teenagers following static stretching.
Dynamic stretching consists of functional based exercises which use sport specific movements to prepare the body for movement. It consists of controlled leg and arm swings that are taken gently to the limits of range of motion. Studies done by Fredrick G. A., 2000 [5] have shown the effectiveness of dynamic stretching, as this increases core temperature, muscle temperature, elongates the muscles and stimulates the nervous system, thereby decreasing the chances of injury. Faigenbaum et al., 2005 [6] studied dynamic warm-up versus static stretching in different age groups and a variety of athletes. And found that compared to static stretching, dynamic warm up increases flexibility and also improved performances among children for vertical jump. Longjump performance also improved in the dynamic warmup. Studies by Duncan M. J. and Woodfield L. A., 2006 [7] suggest that there may be some advantage to performing a low to moderate dynamic warm up protocol prior to activities that require high power outputs.
The purpose of this study is to find out which type of stretching exercise used as warm-up affects lower limb muscle power and therefore affects performance of an individual.
METHODOLOGY

Subjects
Twenty eight moderately trained subjects (16 male and 12 female) ranging in the age group of 20 to 35 years were taken for the study. They were randomly divided into groups consisting of 2 members. From each group, one subject performed the static stretching and the other subject performed the dynamic stretching as part of the warm up.
Procedure of Data Collection: Baseline Measurement
Both the groups performed an initial non-counter movement jump with both hands on the hips on a force platform and the vertical jump height was recorded. The subjects in both the groups were made to jog 12 laps (up to 60% VO 2 max) up and down in the corridor after which the heart rate (Carotid artery) was recorded. Then they performed the first non-counter movement jump on the force platform and the vertical jump heights were recorded.
Stretching Protocol
The static stretching group subjects actively performed some static calf, hamstrings, quads, gluteal and hip flexor stretching exercises for 2 repetitions 30 seconds each, for both the legs.
While the dynamic stretching group subjects performed some dynamic stretching exercises like tip-toe walking, forward and backward leg swings, sagittal plane leg swings, walking knee pull ups, walking lunges with hip rotation and walking quads stretches for 2x10 repetitions for both legs.
Post Stretch Measurement
Then the second heart rate (Carotid artery) was recorded for both the groups. After which they performed the second non-counter movement jump on the force platform and the vertical jump heights were recorded. Then the subjects were asked to remain standing, without doing any activity for 10 minutes. Then they performed the third and final non-counter movement jump on the force platform and the vertical jump heights were recorded. Finally the vertical jump heights and heart rate readings for both the static and dynamic groups were recorded.
Data Analysis
Descriptive statistics of range, mean and standard deviation were computed on all data. One way ANOVA was calculated across the recording of both the groups. A paired t-test was computed to compare the static and dynamic stretching groups. Level of significance was set at 0.05 alpha.
RESULTS
The mean and standard deviation of the jump heights of the subjects in both the static and dynamic stretching groups are shown in Tables 1 and 2 .
The static stretching group showed a decrease of 0.61% in the final jump as compared to the dynamic Openly accessible at stretching group which showed an increase of 13.06%, as shown in Figures 1 and 2. 
DISCUSSION
As the result shows dynamic warm up can definitely increase the vertical jump height and therefore significantly influences fitness performance, as compared to the group that did static stretching as warm up. These findings are similar to the studies done by Duncan and Woodfield 2006 [7] and Faigenbaum et al., 2005 [6] which show that dynamic stretching increases flexibility as well as muscle power. Among the subjects who did static stretching, from Figure 3 , we can see that there is a decrease in jump height between the first and second jumps. This shows that static stretching might actually reduce force production, which is similar to the studies done by Rosenbaum and Hennig, 1995 [1] . The main muscles involved in a vertical jump are the calf, quadriceps and hamstrings. These muscles were part of the static stretching protocol of the warm up. On the other hand, we can see an increase in the vertical jump height between second and third jumps, this change could be because of the ten minutes rest period in between the jumps. And this rest period would have given time for the muscles to recover after the period of static stretching. This implies that static stretching actually causes a decrease in the force production in these muscles as also shown in the studies by Kokkonen et al., 1998 [3] and Knudson et al., 2000 [2] . Therefore the performance of the activity (vertical jump height) is also decreased as a result of static stretching which is also similar to the studies done by McNeal J. and Sands W., 2003 [4] . The reason for this decrease in performance could be attributed to an increase in the musculo-tendinous unit (MTU) compliance, leading to a decrease in the MTU ability to store elastic energy in its eccentric phase as reported by Fletcher IM, Jones B, 2004 [8] . The above evidences suggest that static stretching prior to activity is not the best solution. Static stretching does not necessarily lead to a decrease in injury but may actually decrease the force production and thereby decrease the vertical jump height for the athlete.
On the other hand we can see from Figure 4 , there is a significant increase in the vertical jump height in the group that did dynamic stretching as part of the warm up, which is similar to studies done by Faigenbaum et al, 2005 [6] . Studies by Duncan and Woodfield, 2006 [7] have suggested that performing pre-event dynamic warm up protocols may create an optimal environment for ex- plosive force production by enhancing neuromuscular function. This occurrence has been termed the 'postactivation potentiation' (PAP) [9] and is believed to increase the rate of force development, thereby increasing speed and power production. This finding was similar to the study done by Faigenbaum et al., 2005 [6] . Dynamic warm up activities used in the study may have influenced the excitability of fast twitch motor units and therefore readied these units to play a more significant role during the vertical jump test. However no tests of neuromuscular activation were performed in this study. Neuromuscular activation studies can be done in future to measure the excitability of fast twitch motor units.
The results of the current study suggest that there may be some advantage to performing a low to moderate dynamic warm up protocol prior to activities that require high power outputs. And the increase in vertical jump height following dynamic warm up compared to static warm up is considerable.
Openly accessible at Faigenbaum et al. 2005 [6] in his study also says that the evidence supporting the injury-reducing and performance-enhancing potential of static stretching is presently lacking. So it may be desirable to perform dynamic stretching during the warm up period and static stretching during the cool down. The purpose of warm up exercise is to warm-up the body, but static stretching seems to cause cool down of the body.
CONCLUSIONS
From the above study it can be concluded that the effect of dynamic stretching as warm up has the following benefits. Dynamic Stretching increase force production prior to activity, which in turn can improve the vertical jump height of the athlete.
As exercise physiologists and sports scientists our main objective is to decrease the injury levels and increase the performance levels of the athletes. And the above evidences from related literature suggest that dynamic stretching is the best type of stretching that can be performed during warm-up in order to increase the jump height of the athlete and to increase performance levels of the athlete. From the findings of the study in order to increase the vertical jump height of the athlete we can recommend a sports performance program that includes dynamic activities during warm up and static stretching as part of the cool down.
